A polymerase chain reaction (PCR) protocol has been developed for identification of bovine group A rotavirus infection in feces. Primers (20mers) complementary to 3' ends of double-stranded RNA genome segment 6 of bovine rotavirus NCDV strain were synthesized and used in PCR. Bovine rotavirus RNA from infected cell culture was employed to optimize the PCR protocol. Rotavirus-negative fecal samples were spiked with known quantities of bovine rotavirus, and the sensitivity of the PCR assay was determined. Fecal samples were extracted with phenol and treated to eliminate unidentified PCR inhibitor(s) in feces, and PCR was performed. PCR products were either visualized on ethidium bromide-stained agarose gels or detected by chemiluminescent hybridization. The sensitivity of the assay was 6 x 10 4 viral particles/ml of feces with ethidium bromide-stained agarose gel visualization or 6 x 10 2 viral particles/ml of feces with chemiluminescent hybridization. The PCR assay was applied to 18 fecal specimens from clinical cases. All 16 clinical samples that were positive for rotavirus by enzyme-linked immunosorbent assay (ELISA) or by ELISA and electron microscopy (EM) were positive by PCR. The 2 samples that were rotavirus negative by ELISA or by ELISA and EM were also negative on PCR analysis.
Rotavirus, a double-stranded (ds) RNA virus, is a samples diagnosed positive by EM. 19 EM remains the member of the family Reoviridae. Rotaviruses are ma-standard detection method, although it is labor intenjor causes of acute diarrheal diseases in newborn ansive and expensive. imals and humans. 11, 20, 21 Results of virus infections An assay with higher sensitivity is desirable to dirange from subclinical infection to death. Rotaviral agnose rotavirus infection, especially when low levels diarrheas are common in calves, and affected young of virus are shed in the feces. 23, 27 The polymerase chain calves may die as a result of severe dehydration or reaction (PCR) has been adapted with high sensitivity secondary bacterial infections. 17, 24 Rotaviral diarrheas for detection of RNA viruses by addition of a comare a prominent contributor to the estimated $500 plementary DNA (cDNA) synthesis step, using reverse million loss due to mortalities caused by calf diarrhea transcriptase, before cyclic amplification. 1, 4, 5, 12 Howin North America. 18 Rotaviruses are classified into 6 ever, inhibitory substance(s) in fecal samples has ador possibly 7 serogroups (A-G). 3 Group A rotaviruses versely affected the sensitivity of PCR. 13, [27] [28] [29] Several are the major cause of bovine rotaviral diarrhea. 24 treatments have been introduced to eliminate this Groups B-G do not share group antigen with Group problem, including the uses of DNA binding glass, 29 A rotaviruses and have been called pararotaviruses or cellulose fiber (CF-11), 27 and hydroxyapatite (HA). 13 atypical rotaviruses.
In this study, we have modified procedures for ex- this study.
Received for publication July 22, 1992. For detection from clinical specimens from the field, 18 fecal samples (16 positive and 2 negative samples) were obtained from the California Veterinary Diagnostic Laboratory System. Nine samples were collected from diarrheic cattle (1 adult, 7 neonatal, and 1 age unreported), and 9 were collected from nondiarrheic cattle (2 adult, 4 neonatal, and 3 age unreported). These samples were submitted in 1990 from 18 farms located in 10 different counties in California. These samples were previously diagnosed either by ELISA using the Rotazyme II test kit c or by both ELISA and EM. Of the 18 fecal samples used in this study, 4 rotavirus-positive and 1 rotavirus-negative sample were positive for Cryptosporidia by an acid-fast smear test; 3 rotavirus-positive samples were positive for coronavirus by EM; 6 rotavirus-positive and 1 rotavirus-negative sample were positive for Escherichia coli by bacterial aerobic culture; 2 rotavirus-positive and 1 rotavirus-negative sample were positive for Salmonella by bacterial aerobic culture, and 1 rotavirus-negative sample was positive for Lactobacillus by bacterial aerobic culture.
Electron microscopy. Bovine rotavirus NCDV strain was collected from the supernatant of infected cell culture centrifuged at 3,000 x g for 10 min to remove cell debris and was counted by negative-stain EM. 22 The virus was mixed with a known amount of 0.91-µm-diameter polystyrene beads d and 2% phosphotungstic acid (PTA) and applied to a silicon monoxide-coated grid. The beads and viral particles were counted simultaneously, and the ratio of viral particles to beads was determined. The number of viral particles per milliliter was then obtained in proportion to the known amount of beads.
Nucleic acid extraction. For optimization of the rotavirus PCR, MA-104 (embryonic rhesus monkey kidney) cells were infected with group A bovine rotavirus NCDV strain or with group A rotaviruses from different species. Infected cells were mixed with an equal volume of Tris-HC1 buffer (pH 8.0) and 0.1 volume of 10% sodium dodecyl sulfate (SDS). The mixture was incubated at 56 C for 10 min and then extracted with Tris-HC1 (pH 8.0)-saturated phenol. Viral dsRNA was purified using selective lithium chloride precipitation 25 and quantitated using a spectrophotometer at 260-nm wavelength as previously described. 6, 8, 25 Fecal samples spiked with known numbers of rotaviral particles, 16 positive and 2 negative fecal samples from the field, and 1 bovine group B rotavirus fecal sample were used in this study. Two hundred microliters of each sample was mixed to an equal volume of 10 mM sodium phosphate (pH 6.8) in the presence of 1% SDS and 0.1% proteinase K. The mixture was incubated at 56 C for 10 min and then extracted with an equal volume of Tris-HCl-saturated phenol : chloroform (1: 1) followed by a chloroform extraction. To eliminate unidentified inhibitor(s), 100 µ1 of HA was added to the solution, mixed for 5 min to bind to the nucleic acid, and then pelleted by centrifugation at 12,000 x g for 3 min. The nucleic acid was eluted in 100 µ1 of 200 mM sodium phosphate (pH 6.8) and mixed with 1.9 ml of double distilled water (ddH 2 O). This solution was centrifuged through a Centricon-30 f at 5,000 x g for 30 min. After most of the aqueous salt solution were spun through the Centricon-30, the trapped solution (about 50 µ1) was used in PCR.
Primer synthesis. Primers (20mers) were designed from the sequence of genome segment 6 (RF strain), 7 which are available in a gene bank (EMBL program, Genetics Computer Group, Madison, WI), 9 and then synthesized using Milligen Cyclone Nucleic Acid Synthesizer. g The sequences of primers were as follows: upstream primer, 5'-GGCTTTTAAACGAAGTCTTC-3'; downstream primer, 5'-GGTCACATCCTCTCACTACG-3'. These primers were complementary to the 3' ends of the positive and negative sense strands of genome segment 6. Use of these primers in PCR would result in PCR product encompassing the full length of genome segment 6 (1,062 base pairs).
PCR. Reverse transcriptase PCR (RT/PCR) was a modification of the method previously described.' The dsRNA was denatured in 10 mM methyl mercuric hydroxide and used as a template to produce cDNA, which was then amplified in the same tube. Three-step thermal cycling, including denaturation at 95 C for 1 min, annealing at 52 C for 1 min, and elongation at 70 C for 2 min, was performed for 40 cycles. PCR products were initially visualized on an ethidium bromide-stained agarose gel along with a molecular weight marker (1 kb DNA Ladder h ) and then confirmed by hybridization.
Hybridization. PCR products were confirmed by a nonisotopic hybridization (ECL Detection System) according to the manufacturer's protocol. i PCR products were transfered from agarose gels to nylon membranes (Hybond) i using a vacuum blotting apparatus (VacuGene Blotting System) j according to the manufacturer's specification. PCR products in agarose gels were depurinated in 0.25 N HC1 for 4 min, denatured in 1.5 M NaCl and 0.5 M NaOH for 3 min, and neutralized in 1.0 M Tris-HC1 and 2.0 M NaCl (pH 5.0) for 3 min. The PCR products were then transfered in 10 x standard saline citrate (SSC) at 50 mbar pressure for 30 min. Blotted PCR products were cross-linked with ultraviolet light and prehybridized in 5 ml of hybridization buffer' containing 6.0 M urea and 0.5 M NaCl at 42 C for 30 min in a hybridization oven (Hybaid Mini Hybridisation Oven k ). A cDNA probe (37% of the full length) derived from genome segment 6 of bovine rotavirus NCDV strain was used. This probe was previously cloned in a pUC-13 plasmid (SmaI site) j and tested to be group specific for group A rotaviruses (unpublished data). The probe was heat denatured, and horseradish peroxidase was covalently linked to the probe using glutaraldehyde through amine groups on the bases. One hundred nanograms of labeled probe was added to the hybridization buffer, and the hybridization was performed at 42 C for 8 hr in a hybridization oven. k The hybridized membrane was washed 2 times for 20 min each time in a wash buffer containing 6.0 M urea, 0.4% SDS, and 0.25 x SSC at 42 C and washed 2 times for 5 min each in 2 x SSC at room temperature. After washing, an appropriate volume of Luminal i (a substance that emits light in the presence of hydrogen peroxide and peroxidase) was added to cover the surface of the hybridized membrane for 1 min and the light was detected with an X-ray film.
Sensitivity. The sensitivity of the test was examined using the extracted and purified dsRNA of bovine rotavirus recovered from infected MA-104. The dsRNA was lo-fold serially diluted in ddH 2 O and used in PCR.
To assess the sensitivity with fecal samples, a negative fecal sample was spiked with a known number of the viral particles (counted by EM). The virus was lo-fold serially diluted in fecal sample (tested negative for rotavirus by ELISA and PCR) and then used in PCR.
Results
The rotavirus PCR protocol was optimized using viral RNA extracted from group A bovine rotavirus NCDV strain-infected cell culture. With this protocol, amplification from as little as 1 fg of rotaviral RNA (equivalent to 50 viral particles) was detected on an agarose gel stained with ethidium bromide (Fig. IA) . The addition of nonisotopic hybridization to the PCR protocol increased the sensitivity at least lo-fold ( Fig.  1B) .
Sixteen rotavirus-positive and 2 rotavirus-negative fecal samples previously diagnosed by ELISA or by ELISA and EM were tested. Bovine rotaviruses could not be detected by PCR in fecal sample RNA extracts unless they were treated with HA and centricon-30. All rotavirus samples positive by ELISA or by ELISA and EM were positive by PCR. Samples negative by ELISA or by ELISA and EM were negative by PCR ( Fig. 2A, 2B ).
When the same PCR protocol was used with purified dsRNA samples of other group A rotaviruses, including simian (SA-11), equine (H-2), swine (OSU), human (DS-l), avian, and deer rotaviruses, and with a bovine group B rotavirus fecal sample, none of these samples were positive on an agarose gel (Fig. 3) . The result was confirmed by the hybridization (data not shown).
The time required for this assay was about 6 hours.
The hybridization required 9 extra hours, or it could be performed overnight. When fecal samples were spiked with known numbers of rotaviral particles, specific PCR product was detected on ethidium bromide-stained agarose gel in samples containing 6 x 10 4 viral particles/ml (Fig. 4A) . With chemiluminescent hybridization, the sensitivity was 6 x 10 2 viral particles/ml (Fig. 4B) . No hybridization signal was seen with negative control samples.
Discussion
Group A rotavirus genome segment 6 encodes for VP6, which is the major inner capsid protein. There is a high degree of nucleotide sequence conservation of genome segment 6 among strains of group A rotaviruses. 26 VP6 contains common epitopes shared by group A rotavirus and is the target for antibodies used in ELISA. 10, 17, 24 The rotavirus PCR described in this study targeted genome segment 6. Results for 18 field samples indicate that the rotavirus PCR can detect all bovine group A rotaviruses, even in the presence of other enteric pathogens. The primers used in this study were tested in PCR with purified dsRNA of different group A rotaviruses available in this laboratory, including simian (SA-11), equine (H-2), swine (OSU), human (DS-1), avian, and deer rotaviruses and with a bovine group B rotavirus sample. No PCR product was detected from these samples using the protocol described in this paper, indicating that this PCR protocol was specific for bovine group A rotaviruses.
The PCR inhibitory effect found in fecal samples has been recognized. 13, [27] [28] [29] It has been suggested that the inhibitor(s) interfere with the conversion of RNA to cDNA prior to cyclic amplification and that this inhibitor(s) did not cause the enzymatic or chemical degradation of the target RNA. 27 We chose to use HA to absorb viral dsRNA from fecal material. In contrast to the result previously reported, 13 samples eluted from HA could not be used directly in PCR, and a further purification step was necessary. In this experiment, a Centricon-was used to desalt and to remove any small-size substance (≤ 6,200 molecular weight) from samples after HA treatment. Use of the Centriconproved to be easier and more rapid than a conventional dialysis step followed by ethanol precipitation needed in the elimination of salts, which probably interfered with the PCR, and in the concentration of the samples.
instead of heat or dimethyl sulfoxide, or 4) the use of HA followed by the Centricon-to remove inhibitor(s) from feces. Alternatively, it might be due to the combined effect of some or all of the above.
The utilization of PCR, group A bovine rotavirus genome segment 6 specific primers, and nonisotopic chemiluminescent hybridization provides a specific and highly sensitive nonradioactive assay to detect bovine rotavirus in feces. Because of its sensitivity, the hybridization step may not be necessary for rotavirus infection diagnosis. However, the increased sensitivity
The sensitivity of the test was assessed with the negative fecal sample spiked with a known amount of virus. The nucleic acid was extracted from 200 µ1 of spiked fecal samples and later the volume was reduced to about 50 µ1 with the Centricon-30. The sensitivity was at 6 x 10 2 particles/ml when the chemiluminescent hybridization was used. This sensitivity was equivalent to 12 viral particles in a 5-µ1 volume taken for PCR detection. The sensitivity of this assay even without hybridization is higher than those of other investigators . 14, 27, 29 This higher level of sensitivity may be due to 1) the use of primers to genome segment 6 of bovine rotavirus instead of primers to other genome segments, 2) different PCR protocols, 3) the use of methyl mercuric hydroxide to denature the template 356 bp) . B. Southern blot of PCR products hybridized in a chemiluminescent hybridization with a peroxidaselabeled cDNA probe specific for rotavirus genome segment 6. Specific PCR product is detected at 6 x 10 4 (A) or at 6 x 10 2 (B) viral particles/ml of feces. 1-10 = 10 -1 -10 -10 dilutions; MW = molecular weight marker (1 kb DNA Ladder"); C = unspiked feces (negative control). may be very important when identification of reservoirs or rotavirus contamination of surfaces and equipment on the farm is required. Commonly used disinfectants often are unable to completely inactivate rotavirus in suspensions containing fecal or organic matter, 24 and the ingestion of as little as 1 plaqueforming unit of rotavirus can cause symptomatic gastroenteritis in susceptible individuals. 28 Moreover, this technique will be very useful for researchers to study the time period during which different rotavirus strains are shed from infected animals.
This PCR assay provides highly sensitive, specific, and rapid detection of bovine group A rotavirus, which may facilitate diagnosis of rotaviral diarrheas, improve its prevention and control, and greatly assist in molecular studies of the virus. Because of its high sensitivity, however, this test should be performed by welltrained diagnostic personnel to avoid contamination with any trace amount of nucleic acid, which may lead to false-positive diagnosis.
